In a prospective, population-based cohort study, the authors investigated the effect of in-utero exposure to maternal smoking and consumption of alcohol, coffee, and tea on the risk of strabismus. They reviewed medical records for children in the Danish National Birth Cohort identified through national registers as possibly having strabismus. Relative risk estimates were adjusted for year of birth, social class, maternal smoking, maternal age at birth, and maternal coffee and tea consumption. The authors identified 1,321 cases of strabismus in a cohort of 96,842 Danish children born between 1996 and 2003. Maternal smoking was associated with a significantly elevated risk of strabismus in the child, increasing with number of cigarettes smoked per day (<5 cigarettes/day: relative risk (RR) ¼ 0.95, 95% confidence interval (CI): 0.80, 1.14; 5-<10 cigarettes/day: RR ¼ 1.38, 95% CI: 1.12, 1.70; 10 cigarettes/ day: RR ¼ 1.90, 95% CI: 1.57, 2.30). Nicotine replacement therapy was not associated with strabismus risk (RR ¼ 1.22, 95% CI: 0.92, 1.61). Light maternal alcohol consumption was inversely associated with strabismus risk, whereas maternal coffee and tea drinking were not associated with strabismus risk. In conclusion, smoking during pregnancy is associated with an increased risk of strabismus in the offspring. Conversely, light alcohol consumption is associated with decreased risk. alcohol drinking; smoking; strabismus Abbreviations: CI, confidence interval; OPP, ophthalmologist in private practice; OR, odds ratio; RR, relative risk.
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Strabismus is a common eye disorder with a reported prevalence of 2%-6% in children in Western countries (1) (2) (3) (4) (5) (6) . Left uncorrected, strabismus can result in amblyopia, which may lead to permanent vision loss.
Very few studies exist on risk factors for strabismus. In the only large cohort study in the literature, Chew et al. (3) reported a positive association between maternal cigarette smoking and both esotropia and exotropia. In 1 case-control study, Hakim and Tielsch (7) found a positive association between maternal smoking and esotropia, but not exotropia, in the offspring. With the exception of 1 small study which investigated the effect of maternal smoking on congenital esotropia (8) , no study has investigated the relation between maternal smoking during pregnancy and major subtypes of esotropia.
Children born with fetal alcohol syndrome have been reported to have a higher-than-expected incidence of strabismus (9, 10), but little is known regarding the effect of less extreme alcohol consumption during pregnancy on strabismus risk in the offspring (8) .
The limited literature on behavioral risk factors for strabismus prompted us to undertake a large prospective, population-based cohort study to investigate the effect of in-utero exposure to maternal smoking and consumption of alcohol, coffee, and tea on strabismus risk, overall and by subtype.
MATERIALS AND METHODS

Data sources
We established a cohort of children whose mothers had participated in the Danish National Birth Cohort. Birth Cohort mothers were interviewed during pregnancy to obtain information on exposures of potential relevance to the unborn child. Through national registers, we identified children suspected to have strabismus for medical record review and collected information on potentially confounding variables. We used the unique personal identification number that has been assigned to all Danish residents by the Danish Civil Registration System since 1968 to link information from the registers to Birth Cohort information.
Danish National Birth Cohort. The Danish National Birth Cohort is a cohort of 96,842 children born alive between 1996 and 2003, representing 30% of all deliveries occurring in Denmark during that period (11, 12) . The Danish National Birth Cohort has been described in detail elsewhere (11) . Briefly, mothers were interviewed twice during pregnancy (in gestational weeks 12-14 and 30-32) and again at 6 months and 18 months postdelivery. The first 3 interviews included questions about the pregnancy itself and exposures incurred during pregnancy. At enrollment, each mother consented to use of the child's medical record information for research purposes.
Medical Birth Register. The Medical Birth Register contains individual-level data on all live-and stillbirths that have taken place in Denmark since 1973. The register includes information on birth variables (e.g., birth weight, gestational age at birth, 5-minute Apgar score), birth outcomes, and any complications recorded by the attending midwives.
National Patient Register. Reporting of data on hospital admissions and outpatient visits has been mandatory in Denmark since 1977 and 1994, respectively. The National Patient Register contains detailed information on dates of hospitalization or outpatient visits, discharge diagnosis codes, and surgical procedure codes (13) . Since 1994, discharge diagnoses have been coded using a Danish version of the International Classification of Diseases, Tenth Revision, while surgical procedures are coded according to the Nordic Medico-Statistical Committee Classification of Surgical Procedures.
Health Security System. Health care is free of charge for all Danish residents; the Danish National Board of Health reimburses specialists in private practice for their services. The Health Security System has recorded these reimbursements since 1990 and contains detailed information on procedures and examinations performed. However, the Health Security System contains no information on diagnoses.
Case ascertainment
To identify children suspected to have strabismus, we linked information from the National Patient Register (information was available up to March 16, 2006 ) and the Health Security System (information was available up to December 31, 2005) for liveborn children in the Danish National Birth Cohort. Specifically, we searched the National Patient Register for International Classification of Diseases, Tenth Revision, codes for strabismus diagnoses (H49-H51) and Nordic Medico-Statistical Committee codes for strabismus operations (KCEA-KCEW) to identify children with a hospital-confirmed strabismus diagnosis and children who had undergone strabismus surgery. We also searched the Health Security System for strabismus evaluation codes (19.2001 ) to identify children who had undergone a strabismus evaluation (evaluating ocular alignment and motility and/or binocular vision) by an ophthalmologist in private practice (OPP).
Our search of the National Patient Register yielded 447 children who had been treated in ophthalmology and pediatric departments. The Health Security System search yielded 8,674 children who had visited 186 different OPPs. We subsequently requested medical records for all of these children. We obtained medical records for 5,655 of 8,783 children (64%) who had had a strabismus evaluation by an OPP and/or had been diagnosed with strabismus at a hospital. Our failure to collect 3,128 medical records from 66 OPPs was mainly due to OPP refusal to participate (n ¼ 31), OPP nonresponse (n ¼ 23), or OPP retirement (n ¼ 10). Only 1 of the missing 3,128 medical records was a hospital record.
Two experienced orthoptists evaluated the medical records and recorded the specific strabismus subtype diagnosis (if any), the date of diagnosis, and any concurrent disease relevant to strabismus (central nervous system, neurologic, or facial bone disease). The orthoptists classified strabismus into one of several subtypes, but in the present study we analyzed only strabismus overall and the most common strabismus subtypes: congenital esotropia, accommodative esotropia (fully or partially accommodative), and exotropia. The remaining subtypes were classified in an ''other'' category. Congenital esotropia was defined as esotropia with onset before the age of 6 months that was not reduced in magnitude with hypermetropic spectacle correction. Accommodative esotropia was defined as esotropia that could be reduced in magnitude by hypermetropic spectacle correction, either completely (fully accommodative) or partially (partially accommodative). Fully and partially accommodative esotropia were combined in the analysis as ''accommodative esotropia.'' Exotropia included all exotropia diagnoses.
Ascertainment of in-utero exposures
Maternal smoking and use of nicotine replacement therapy. Each of the first 3 interviews included detailed questions on daily cigarette smoking during the part of pregnancy relevant to that interview. On the basis of answers to these questions, we calculated average daily smoking overall during pregnancy and by trimester. The first 3 interviews also contained questions on use of nicotine replacement therapy by pregnancy week. We categorized a woman as using nicotine replacement therapy at any point during pregnancy and in a given trimester if she reported using nicotine replacement therapy at least once during the relevant time period.
Maternal alcohol consumption. Each of the first 3 interviews included questions on average weekly alcohol consumption (consumption of beer, wine, and liquor in 12-g alcohol units) during the relevant time period. However, the questions asked in the first interview did not address the gestational weeks before the woman became aware of the pregnancy. We therefore included only information from the second and third interviews in calculating average weekly alcohol consumption. In addition, in each of the first 3 interviews, the women answered questions on number and timing of episodes of binge drinking (5 or more alcoholic drinks on 1 occasion).
Coffee and tea consumption. In all of the first 3 interviews, the women answered questions on coffee and tea consumption. We used the answers to assess average daily consumption of coffee and tea.
Data analysis
We used log-linear binomial regression to calculate risk ratio estimates (hereafter denoted relative risks) for strabismus overall, congenital esotropia, accommodative esotropia, and exotropia. The following variables were considered as potential confounders in our models: year of birth, highest household social class, smoking dose (no smoking, >0-<5 cigarettes/day, 5-<10 cigarettes/day, or 10 cigarettes/day), nicotine replacement therapy, maternal age at birth, alcohol consumption, binge drinking, and consumption of coffee and tea. If a variable was identified as a confounder for at least 1 other variable in either the overall analysis or one of the strabismus subtype analyses, it was included in all multivariate analyses. We evaluated whether a variable was a confounder for another variable in 1 or more analyses using a backward elimination procedure with a 10% change-inestimate threshold. In each step of the backward elimination procedure, the change in estimate for a given variable caused by the elimination of each potential confounder was calculated, and the potential confounder with the smallest change in estimate was eliminated. Backward elimination continued until elimination of any of the potential confounders caused a change in the estimate of 10% or more, relative to the estimate obtained with a full model including all potential confounders. If the variable for which confounders were being identified had more than 2 categories, the largest change in estimate was considered in the backward elimination. Using this approach, the following variables were identified as adjustment variables: year of birth (1996-1998, 1999, 2000, 2001, or 2002-2003) , social class (academic/ employed requiring highly specialized skills, employed requiring medium skills, skilled laborer, student, unskilled laborer, or unemployed), smoking dose, maternal age at birth, and consumption of coffee and tea.
We used log-linear binomial regression based on the underlying continuous variables rather than the categories reported in the tables when performing trend tests. We evaluated the adequacy of linear trends by testing for the significance of a quadratic term. Restricted cubic splines were estimated with 4 knots at the 5%, 35%, 65%, and 95% quantiles using log-linear binomial regression (14) . We used polytomous logistic regression to determine whether the effect of various risk factors differed by strabismus type. Because some women (8.8%) had more than 1 child in the cohort, we performed supplementary analyses including only the eldest child in the cohort. These analyses revealed that inclusion of more than 1 child per mother did not influence our results (data not shown). All tests were likelihood ratio tests. We used SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina), for data analysis.
RESULTS
Review of 5,655 medical charts yielded 1,321 strabismus cases. One child with strabismus caused by trauma was excluded, leaving 1,320 cases for analysis. The remaining 4,324 children with a record of a strabismus evaluation had no evidence of strabismus upon review of their medical records. We present results from analyses of in-utero exposures associated with strabismus overall, followed by results from separate analyses for congenital esotropia, accommodative esotropia, all exotropia, and other strabismus. Table 1 presents associations between in-utero exposures and strabismus overall. Relative risk estimates are presented 1) adjusted for year of birth, social class, and maternal age at birth and 2) with additional adjustment for maternal smoking dose and alcohol consumption. The latter results are presented below unless otherwise stated.
Maternal smoking and use of nicotine replacement therapy
We observed a 26% greater risk of strabismus in children whose mothers had smoked during pregnancy than in children whose mothers had not smoked during pregnancy (relative risk (RR) ¼ 1.26, 95% confidence interval (CI): 1.11, 1.43). Strabismus risk in the offspring varied with the average number of cigarettes the mother smoked per day during pregnancy (P for homogeneity < 0.001). Thus, the children of light smokers (<5 cigarettes/day) had no increased risk of strabismus, whereas children of mothers who smoked 5-<10 and 10 cigarettes per day had 38% (RR ¼ 1.38, 95% CI: 1.12, 1.70) and 90% (RR ¼ 1.90, 95% CI: 1.57, 2.30) higher risks, respectively, than children with no maternal smoking during pregnancy. Overall, a child's risk of strabismus increased by 5% (RR ¼ 1.05, 95% CI: 1.03, 1.06) for each extra cigarette the mother smoked daily during pregnancy (Figure 1) .
Compared with children whose mothers did not smoke during pregnancy, we found no increased risk of strabismus in children whose mothers smoked in the first trimester only (RR ¼ 1.03, 95% CI: 0.84, 1.27). In contrast, children whose mothers smoked in the first 2 trimesters only or in all 3 trimesters had 43% (RR ¼ 1.43, 95% CI: 1.14, 1.81) and 35% (RR ¼ 1.35, 95% CI: 1.16, 1.57) increased risks of strabismus, respectively, compared with the children of nonsmokers.
The use of nicotine replacement therapy during pregnancy was associated with a nonsignificant 22% increase (RR ¼ 1.22, 95% CI: 0.92, 1.61) in strabismus risk in comparison with no maternal use of nicotine replacement therapy.
Maternal alcohol consumption and binge drinking
Maternal alcohol consumption during pregnancy was associated with the risk of strabismus in the offspring (P for homogeneity ¼ 0.004) ( Table 1 and 
Maternal coffee and tea consumption
Daily maternal coffee and tea consumption during pregnancy were not associated with risk of strabismus in the offspring after adjustment for year of birth, social class, maternal age at birth, smoking dose, and alcohol consumption. Table 2 presents associations between in-utero exposures and the risks of congenital esotropia (n ¼ 217), fully or partially accommodative esotropia (n ¼ 432), exotropia (n ¼ 183), and other strabismus (n ¼ 488). The estimates shown in Table 2 were adjusted for year of birth, social class, maternal age at birth, smoking dose, and alcohol consumption. We observed no difference in risk factor effects for the 4 strabismus subtypes.
Strabismus subtypes
Additional analyses
We failed to obtain medical records for 3,128 children. These children were excluded from our primary analyses. Alternative analyses considering these 3,128 children to be strabismus-free influenced the effect estimates very little and did not change our overall conclusions (data not shown). In other analyses, we further adjusted the relative risks in Tables 1 and 2 for the intermediate variables birth weight and gestational age. This had only a marginal influence on the estimates.
DISCUSSION
In this prospective, population-based cohort study, we observed that strabismus risk in the offspring increased with increasing number of cigarettes smoked daily by the mother during pregnancy, and that the effects of smoking were similar for all types of strabismus. In contrast, maternal use of nicotine replacement therapy was not associated with strabismus risk in the offspring. Maternal alcohol consumption during pregnancy was associated with risk of strabismus in the offspring, with the lowest risk being associated with light alcohol consumption (>0-<5 12-g alcohol units per week). Maternal coffee and tea consumption during pregnancy did not affect strabismus risk in offspring.
The observed increase in strabismus risk with increasing intensity of maternal smoking during pregnancy is consistent with findings reported by Chew et al. (3) on the basis of a study of 39,277 children born in 1959-1966. They observed that the risk of strabismus increased with the intensity of smoking. They also found elevated odds ratios associated with maternal smoking during pregnancy for esotropia (for 10-19 cigarettes per day, odds ratio (OR) ¼ 1.57, 95% CI: 1.36, 1.82) and exotropia (for 10-19 cigarettes per day, OR ¼ 1.88, 95% CI: 1.50, 2.35). We found that the Relative risks were adjusted for year of birth, social class, maternal smoking dose (no smoking, >0-<5 cigarettes/day, 5-<10 cigarettes/day, or 10 cigarettes/day), maternal age at birth, and maternal consumption of coffee and tea. Relative risks were calculated according to average weekly number of 12-g alcohol units in 1-unit intervals (>0-<1, 1-<2, 2-<3, 3-<4, and 4-<5) and are plotted at the center of these intervals. The relative risk shown for consumption of 5 or more alcohol units per day is plotted at 6.5, the mean level of consumption for this group. The vertical lines represent 95% confidence intervals for within-group estimates. The curve represents a restricted cubic spline with 4 knots, and the shaded area is the 95% confidence interval for the spline. effects of maternal smoking during pregnancy were similar for the risks of congenital esotropia, partially and fully accommodative esotropia, all exotropia, and other subtypes of strabismus. Our congenital esotropia finding agrees with findings from a case-control study of children born in the 1980s that showed maternal smoking during pregnancy to be associated with congenital esotropia in the offspring (OR ¼ 2.5, 95% CI: 0.7, 9.4) (8).
Maternal smoking during pregnancy leads to restriction of fetal growth (15) , causes hypoxia in the fetus through several mechanisms (16) (17) (18) , and is suspected to lead to impaired neurodevelopment (19) . The effect of smoking in the present study did not appear to be mediated by fetal growth restriction, because the effect was observed even after adjustment for birth weight.
If smoking compromised the normal development of binocular vision and orthotropia through only a few mechanisms, we would expect to find a distinct gestational interval during which the fetus was at greatest risk from smoking, possibly with different intervals being important for different subtypes of strabismus. Maternal smoking during only the first trimester did not affect the child's risk of strabismus, whereas smoking in the first 2 trimesters or in all 3 trimesters yielded increases in strabismus risk of 43% and 35%, respectively. These results suggest that smoking exerts its effect on the fetus later in pregnancy. However, interpretation of trimester-specific results is complicated by the fact that very few women smoked during the second and third trimesters without having smoked earlier in pregnancy, rendering further investigation impossible in the present study; the data were too sparse to allow for further breakdown of trimester-specific smoking by smoking dose and strabismus subtype.
In addition to hypoxia and exposure to nicotine, maternal smoking exposes the fetus to numerous toxins that could affect fetal development at different time points during pregnancy. It is plausible that the developing binocular visual system is susceptible to different toxins in different time periods during pregnancy. It is particularly interesting that accommodative esotropia and exotropia were associated with maternal smoking, since these conditions tend to appear later in childhood, in contrast to congenital esotropia, which appears earlier. A common theme characterizing these diverse types of strabismus is a deficit in central fusion; therefore, we might speculate that maternal smoking affects the brain centers in the developing fetus that will be responsible for central fusion, and that other factors determine which strabismus subtype ultimately becomes manifest.
The association between maternal alcohol consumption during pregnancy and strabismus risk in the offspring was previously investigated in a small case-control study of congenital esotropia (47 cases). In that study, Mohney et al. (8) reported a decrease in risk associated with alcohol consumption during pregnancy (OR ¼ 0.3, 95% CI: 0.1, 1.4). In our much larger study, we also found a decrease in strabismus risk associated with alcohol consumption during pregnancy. This decrease applied to all strabismus subtypes. However, the risk was only 17% lower for light consumption (<5 units of alcohol weekly) as compared with no alcohol consumption, and children with higher maternal alcohol consumption during pregnancy appeared to be at greater risk of strabismus.
In supplementary analyses, we adjusted for the intermediate variables birth weight and gestational age, in addition to other potential confounders. This had only a marginal influence on the estimates, suggesting that the effects of smoking and alcohol consumption do not produce strabismus through their effects on low birth weight or preterm birth. However, such a conclusion is based on the assumption that there is no uncontrolled common cause of both low birth weight/preterm birth and strabismus (20) .
Certain possible study limitations must be acknowledged. Of the women who were invited to participate in the Danish National Birth Cohort, only 60% accepted. However, in a 2006 study, Nohr et al. (12) concluded that although women in the Danish National Birth Cohort are marginally healthier than the background population, the estimated impact on risk estimates should be small.
We were unable to retrieve medical records for 3,128 (36%) of the 8,783 children who had been seen by an ophthalmologist and may also have had strabismus. However, children whose records were missing were similar to children with available records with respect to sex and all potential confounders included in our models. Furthermore, missingness was almost exclusively explained by OPP refusal to participate or by our inability to reach certain OPPs. Given the structure of the Danish health care system, we find it difficult to identify a mechanism whereby such nonparticipation could have seriously biased our results. This study was based on self-reported exposure information, which can be imprecise. Smoking and alcohol consumption during pregnancy, in particular, could have been underreported. Misclassification unrelated to the outcome, as is the case here, will often cause observed effects to underestimate the true effects. However, since both smoking and alcohol consumption were represented by variables with more than 2 categories, this might not always have been the case. Nevertheless, our study had multiple strengths. It was based on a large, population-based cohort, which enabled us to study risk factors by strabismus subtype. Information on exposures was obtained before the outcome occurred. The use of national registers with mandatory reporting of information and the fact that health care in Denmark is free for all residents, yielding equal access to good medical care across the population, maximized strabismus case-finding. Orthoptists trained in strabismus classification reviewed medical records for all children suspected to have strabismus, yielding an accurate categorization of strabismus diagnoses by subtype.
In conclusion, using data from a large, population-based cohort study, we identified maternal smoking as a major risk factor for strabismus overall and for the subtypes exotropia, accommodative esotropia, and possibly congenital esotropia in the offspring. Maternal use of nicotine replacement therapy was not associated with strabismus risk. In contrast, children whose mothers engaged in light alcohol consumption (<5 units per week) during pregnancy had a slightly decreased risk of strabismus overall in comparison with the children of nondrinkers, whereas consumption of coffee and tea had no effect on the risk of strabismus in the offspring.
